Abstract Background: Asthma prevalence has beenincreasing especiallyin developed countries.The change seems to be associated with changesinlifestyle.We have made a prospective study to assess the effectof lifestyle factors, including smoking, educational level, physical activity and obesity, on adult onset asthma. Methods: A population of 10 597 adult twins, initially free of asthma was followed for 9 years.The main outcome measure was questionnaire-based report of physician diagnosed asthma.Logistic regressionwas used to estimatethe riskof asthma predicted bylifestyle factors, with adjustment for atopy and respiratory symptoms. Results: Obesity at baseline increased asthma risk (multivariable adjusted OR=3.00, 95% CI:1.64^5.50 for those with BMI30 compared to those with normal weight BMI: 20^24.99).Taller height was associated to lower asthma incidence. Leisure time physical activity had a slightly protective effect on asthma risk among men (P for trend=0.037), while smokingand education did not have significanteffects onthe riskof adultonset asthma. Conclusions: Obesity was associated to the risk of adult onset asthma, while short height and low leisure time physical activity can be considered as other potential risk factors. r
INTRODUCTION
Asthma prevalence has increased during recent decades (1) , especially in urban areas with western lifestyle (2, 3) . Environmental explanations have been looked for (4) , while the e¡ect of various lifestyle factors on asthma is still debatable (5) . The role of diet (6) and sedentary indoors lifestyle (7) have been speculated.
Physique is a combination of genetic and lifestyle factors. Obesity is shown to be associated to increased risk of asthma in children (8) as well as in adults (9^11), but the causality and mechanism is not clear (12, 13) . Indirect mechanisms, such as diet (6) , gastroesophageal re£ux (13) and immunologic mechanisms (14) have also been suggested. Also cofactors associated to obesity, e.g. physical activity, may explain the connection between asthma and obesity. Population-based studies about the association of asthma and usual levels of physical activity are rare (10, 15) , as most previous studies have focused on athletes (16^18).
Social class has been suggested to relate to asthma (19, 20) , although consistent evidence is still lacking (21) . Educational level is one indicator of social class, but it may also tell about subjects' way of life. The association of adult onset asthma and smoking is di⁄cult to examine, due to the confounding e¡ect of other smoking-related airway obstructions. In some studies smoking is shown to be a strong risk factor for asthma, especially among young adults (22, 23) , while others found no association (24) .
We have made a prospective epidemiological study to examine possible lifestyle determinants of adult asthma, including obesity, physical activity, educational level and smoking.
METHODS The FinnishTwin Cohort
The FinnishTwin Cohort is a population-based sample of like-sexed adult twin pairs selected from the Central Population Registry of Finland as pairs of individuals with the same birth date and sex, as well as the same surname and local community at birth (25) . A health questionnaire was mailed to all subjects in the cohort in the autumn of 1975. Twin-ship was determined from questionnaire responses and con¢rmed, when necessary, from local parish records. The response rate was 89%. Follow-up postal questionnaires were sent in 1981 (24) to all twins with adequate address available, (response rate 84%) and in 1990 (26) to the twins born in 1930^1957 from pairs, with both members alive (response rate 77%). Asthma question was identical in all three questionnaires: 'Have you ever been told by a doctor that you have or have had asthma?'
Registers
In Finland, all residents are covered by National Sickness Insurance (NSI). Since 1970, NSI has covered 80^100% of the costs of drug treatment for chronic bronchial asthma (including: corticosteroids, corticotrophins, cromoglycate, sympathomimetics, theophyllin and its derivatives, hydroxyzine, ipratropium, oxytropium, nedocromil and some combinations). Patients eligible for this bene¢t have been registered by the Social Insurance Institution (SII) (27) . A prerequisite for being registered is an accurate diagnosis of asthma as given in a special certi¢cate signed by a specialist in allergy, pulmonary diseases, internal medicine or pediatrics, or based on a appropriate hospital examination (27) . This certi¢cate is reviewed and must be accepted by an SII consultant physician (27) . In addition, the National Board of Health maintains a register of all patients discharged from the hospital in Finland since 1972, including their diagnoses (28) . Permission for the use of register data was obtained from the Ministry of Social A¡airs and Health, and the Social Insurance Institution, and approved by the Finnish Data Protection Board.
Study population
Our study population is based on those FinnishTwin Cohort subjects responding to all three questionnaires (N=11540). Data from the other registers (registers of SII and National Board of Health) were obtained from linkage of the Twin Cohort to these registers by using the unique social security numbers given to all residents in Finland. Those with missing data on asthma in any questionnaire (N=740) were excluded as well as respondents reporting asthma in the 1975 or in 1981 questionnaire (N=190). In addition, register linkage was used to identify and exclude those who were entitled to reimbursement for medication for bronchial asthma before 1982 (N=72) and those treated in hospital for asthma before 1982 (N=65). This population, initially free of asthma (N= 10 597, aged 25^52 years in 1982; mean age 35.6 years), was then followed from 1982 to1990.
Subjects reporting asthma in 1990 were considered as new asthma cases (N=167). Also respondents who were granted the right to reimbursed asthma medication in 1982^1990 were identi¢ed (N=105) as well as subjects treated in hospital for asthma during 1982^1990 (N=80).
Although since 1986 the right to reimbursed asthma medication has been granted also to patients with chronic obstructive lung disease closely resembling asthma, there was a requirement that these patients should bene¢t from bronchodilating medication.
Determinants
The questionnaire in1975 and1981asked whether allergic rhinitis (including hay fever) or allergic eczema had ever been diagnosed by a physician (29) and subjects were considered as atopic if they reported any of these allergic diseases in either questionnaire. Also history of a diagnosis of emphysema or prolonged bronchitis was asked and current symptoms of chronic bronchitis and dyspnea were assessed by a mailed questionnaire adaptation of the London School of Hygiene respiratory questionnaire (30) . A respiratory symptom index was de¢ned as the presence or absence of respiratory symptoms, i.e. the respondent did or did not report any of the previous (emphysema, prolonged bronchitis, prolonged cough or phlegm production and dyspnea) in either 1975 or 1981.
Respondents were classi¢ed as non-smokers (including occasional smoking), former or current smokers based on 1981 questionnaire (24) . Education was measured by asking what schooling the respondent had completed in 1981 (nine alternatives) and categorized as lower (primary school, 6^7 years, and at least 1 year vocational training or less), or higher (at least junior high school, 9 years) (31) . Respondents physical activity in 1981 was assessed by using a series of questions about frequency, duration and intensity of their leisure time physical activity as well as subjective estimate of physical activity. Respondents estimating their own leisure time physical activity as practically non-existent were considered as sedentary. Those who participated exercise at least 6 times per month for a mean duration of at least 30 min with a mean intensity corresponding to alternation of walking and jogging were classi¢ed as conditioning exercisers. Others were classi¢ed as occasional exercisers (32) .
Weight and height were based on 1981 questionnaire responses. Body mass index (BMI, weight (kg) by height (m) squared) was used as a measure of relative body weight. Subjects were de¢ned as 'underweight' (BMIo20), 'normal weight' (20BMIo25; reference group), 'overweight' (25BMIo30), and 'obese' (BMI30). Height was asked in centimeters, and when necessary, rounded o¡ to nearest integral number and divided into quartiles of height, separately for men and women.
Absolute weight in kilograms was used to measure weight change during 1975^1981. Weight change was divided into four groups: 2 kg or more weight loss, less than 2 kg weight change, weight gain from 2 to 10 kg and more than10 kg weight gain.
Data analysis and statistical methods
Cumulative asthma incidences were calculated based on responses to 1990 questionnaire, as well as register data on reimbursed asthma medication and hospital treatment among subjects initially free of asthma (N=10 591).
Logistic regression was used to calculate odds ratios (OR) and their 95% con¢dence intervals for each predisposing factor separately for men and women, adjusted ¢rst for age and then for other variables studied. OR were calculated for questionnaire diagnoses of asthma (N=149 events), when subjects with no missing data on any predisposing factor were included (N=9671). Wald's w 2 -test was used to calculate the trend between groups.
In addition, a subset free of symptoms of chronic obstructive pulmonary disease (COPD) was formed.Those reporting in any questionnaire (1975, 1981 or 1990 ) either doctor diagnosed emphysema, or symptoms of chronic bronchitis (i.e. phlegm production at least for 3 months in a row per year) or severe dyspnea (i.e. getting short of breath, when walking at one's own pace on level ground (150 m) or when standing still, e.g. dressing or washing) were excluded from that subset. For the COPD-free subset (N=8652, 81 new asthma cases) OR were calculated for both genders combined.
In this analysis pairwise analyses were not done, but rather we used the sample as a large epidemiological follow-up study of individuals. Commonly used statistical tests of signi¢cance assume independence of observations, which may not be the case when both twins in a twin pair are included. As the twins were sampled as twin pairs, methods used in the analysis of survey data can be applied.Thus, the ¢nal models controlled for twin pair relationship by specifying that twins were clustered as twin pairs in the computation of con¢dence intervals (logistic procedure in STATA). 
RESULTS
Cumulative incidence (1982^1990) of physician diagnosed asthma based on questionnaire responses was 1.5% for men and 1.6% for women compared to 1.2% for both men and women when based on all register data. There was partial overlap between register and questionnaire information (Table 1) , 77% of subjects with a registerbased diagnosis also reporting it in the questionnaire, while 40% of those reporting asthma in the questionnaire did not have a register-based record.
Obese (BMI30) men had signi¢cantly increased asthma risk compared to those with normal weight (OR= 3.47; 1.56^7.72, when adjusted for age, height, smoking, physical activity and education and OR= 3.13;1.41^6.97 when adjusted for age, atopy and respiratory symptoms). When BMI-value was used as continuous variable, asthma risk increased signi¢cantly with increasing weight. Increasing height was associated to lower asthma incidence among men (P=0.03 for trend over quartiles of height) ( Table 2 ). Leisure time physical activity appeared to have a protective e¡ect on asthma risk among men and higher education decreased asthma risk slightly, but not signi¢cantly. Smoking had no e¡ect ( Table 2 ).
An association between asthma and weight was found also among women, although non-signi¢cant. In addition to increased asthma risk of obese women, also underweight women had higher (but non-signi¢cant) risk of asthma than women with normal weight (Table 3 ). The protective e¡ect of conditional physical activity was not seen among women while the e¡ects of education and smoking were also marginal (Table 3) .
Previous weight gain was positive although non-significantly associated with incident asthma. Those who gained weight more than 10 kg during 1975^1981 had slightly increased risk of asthma, consistent with ¢nding that obesity is related to increased asthma risk found earlier ( Table 4) .
The association of obesity and asthma was similar, though non-signi¢cant among the COPD-free subset than among the entire cohort (OR=2.10; 95% CI: 0.795
.54 for obese compared to normal weight group when adjusted for age, sex, height, smoking, physical activity and education). The same trend for a protective e¡ect of height was also seen among this subset (Table 5) . As expected, atopy was associated with risk of incident asthma (age-adjusted odds ratio OR: 2.84; 95%CI: 1.71^4.74 for men and 3.07; 1.96^4.80 for women) and was seen even more clearly among the subset free of COPD (age and sex-adjusted OR: 3.27; 2.08^5.14). Also the presence of respiratory symptoms predisposed to asthma (OR: 2.01; 1.21^3.33 for men and 3.07: 1.83^5.16 for women). An interaction between atopy and height was seen among men (P=0.01 for continuous height variable and P=0.04 for highest height category) and between atopy and conditioning exercise (P=0.04).
DISCUSSION
In the present study we have used questionnaire responses of physician-diagnosed asthma, which is the most commonly used and validated method (34) . We were also able to compare self-report to register data on asthma medication or hospital treatment.The criteria of register data appear to underestimate overall asthma prevalence and incidence, as only about 60% of those reporting asthma had also register data; it is possible that with more follow-up they would get a register-based asthma record later due to delays in applying for and being granted a right to medication. Because social and administrative factors may a¡ect the presence/absence of a register-based diagnosis, we therefore focused on questionnaire reported asthma. There were also subjects treated for asthma, but not reporting that in questionnaire. A small part of this discrepancy may be due to data collection: register data were collected for the whole year in 1990, while questionnaire was mailed during the autumn. Moreover, some of the patients diag- nosed as having asthma in registers may actually have COPD. Some adult-onset asthma cases may also be reactivation of cases from childhood that had not been diagnosed or were not recalled by the subject. However, the exclusion of asthma cases at baseline was based on both questionnaire and register information, while self-report of asthma was used to assess the e¡ect of social and lifestyle variables.
Although obesity is associated to increased asthma prevalence both in case control studies (19, 9) and in some prospective studies (10, 11) , the causal relationship between asthma and obesity remains unclear (13, 35) . When studying the causality it is important to de¢ne incident cases carefully, especially among adults to distinguish between true incident cases and relapses after long symptom-free period. In addition to mechanical e¡ects of obesity on lung function, also cofactors associated to obesity may explain the connection between obesity and asthma.Respiratory symptoms associated to obesity may cause diagnostic problems. Schachter et al. suggest that the increased rate of asthma diagnoses among obese people re£ects increase in symptoms rather than increase in asthma.They found no increased prevalence of atopy among the obese group of their study (35) . Also in the present study the prevalence of atopy was similar in all BMI groups, while respiratory symptoms were more common among overweight and obese than normal weight persons.
In contrast to previous studies associating asthma and obesity mostly among women (9, 11, 15) , we found increased incidence of adult onset asthma among obese men. This may also be due to the gender di¡erence in the distribution of BMI. More men were obese than women, while only 5% of men had BMI lower than 20, compared to 23% among women. It is also interesting that women with overweight (BMI: 25^29.99) had similar risk of asthma as women with BMI lower than 20 (considered as underweight). Underweight persons have shown to have respiratory problems also in a previous study (35) . Thus, it would be important to study the mechanisms relating also to being underweight, in addition to obesity, for asthma risk. Camargo et al. found that weight gain after18 years increased asthma risk among women and women who had lost weight had slightly decreased risk (10) . In the present study previous weight gain was positively associated with asthma, especially for those with a major weight gain. Because of small numbers, the ¢nding was non-signi¢-cant, with odds ratios of about 1.5 in both men and women before and after adjustment for confounders. It is also possible that obesity and weight gain may trigger latent asthma, as weight reduction of obese asthma patients is shown to improve their lung function and symptoms (36) .
Body height has been found to correlate with health (37), speci¢cally with cardiovascular diseases. In our analysis asthma risk decreased with increasing height. This trend, seen especially among men did not vanish when controlled for other variables or for respiratory symptoms. Childhood asthma may result in slower growth and thus shorter ¢nal height (38, 39) , but the e¡ect of long-term treatment with inhaled corticosteroids on adult height is uncertain (40) . Adult height is also associated to birth height (41) . An association between overall childhood living conditions and poor health has been suggested to explain at least part of the better health found among taller people (37) , and these may be relevant for adult-onset asthma also. In addition, also intrauterine circumstances may a¡ect adult health (42) . Therefore, suggesting that the association between adult height and asthma is more complex.
Prospective studies about the e¡ect of physical activity on adult-onset asthma have not found an association (10, 15) . Elite athletes seem to have higher asthma prevalence than the general population (16, 17) , while no increase in lifetime occurrence of asthma was found among former elite athletes (18) . Kukafka et al. found a substantial rate of untreated asthma, manifested in a higher rate of exercise-induced bronchospasm among high school athletes (43) .We found a protective e¡ect of exercise on asthma risk among men, but not among women. Part of this discrepancy may be due to gender difference in reporting one's physical activity. Men and women also favor di¡erent sports and thus the exercise circumstances di¡er. It is also possible that among adults under-diagnosed exercise-induced asthma a¡ects ones' leisure time physical activity.
The de¢nition of asthma varies in di¡erent studies and the results may re£ect also the inclusion of subjects with smoking-related airway obstruction (22, 23) . In addition, allergic subjects may not begin smoking so easily because of their symptoms and this may confound the real risk e¡ect of smoking on asthma. In the present study asthma risk was increased only slightly among current smokers. Even when subjects with symptoms of COPD were excluded smoking had no e¡ect. Perhaps, those that are susceptible to smoking induced asthma became ill earlier and thus are not seen in adulthood. Also change in smoking-habits can a¡ect the risk estimates during a long follow-up period.
In addition to atopy, obesity was associated to the onset of asthma in adults. Higher height showed slightly protective amongst adult onset asthma as well as physical activity among men. Increasing obesity and decreasing physical activity are characteristics of a western lifestyle that mirror the rising incidence of asthma. Studies on lifestyle and on factors altering host resistance are needed to clarify these ¢ndings and the mechanisms on which they are based.
